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Introduction
Rational control of the dihedral angle between the π-conjugated fragments of molecular entities is one of the approaches used by organic chemists to finely tune the optoelectronic properties of polycyclic aromatic hydrocarbons. [1] [2] [3] [4] [5] [6] [7] Key examples include synthetic bacteriochlorins, [8] meso meso linked porphyrins, [2] extended naphthofurans, [4] [9] and binaphthyl-derived polymers. [3] [10] Among the different scaffolds, biaryls and its derivatives have certainly attracted the widest interest, as they can be used as ligands for asymmetric catalysis, [11] [12] [13] [14] key structural elements in pharmacologically active substances, [15] [16] [17] agrochemicals, [17] [18] supramolecular architectures, [19] [20] [21] [22] [23] [24] [25] [26] mechanophores-based sensors, [27] [28] and light-harvesting complexes, [29] [30] to mention a few. In this context, chiral 1,1'-bi-2-naphthols (BINOLs) revealed to be a versatile building block for the construction of functional luminescent materials for fluorescent sensors, [31] [32] [33] [34] [35] [36] [37] metal organic frameworks (MOFs), [22] [38] chiral polymers, [10] [31] [39] and molecular machines, [40] [41] [42] [43] among others.
Very recently, we reported on the synthesis and characterization of a highly emissive π-extended 1,1'-biperylene-2,2'-diol ((�)-2
2H
) [7] featuring good solubility in organic solvents, blue-centered UV-Vis absorption and high fluorescence quantum yields (Φ ~ 0.9) when compared to that of its perylenyl precursor (Φ ~ 0.5). [7] When looking at the chemical structure of (�)-
, one can hardly fail to see that the free hydroxy groups of the biperylenediol moieties can be functionalized either with bridging units or bulky groups to gain control on the torsion angle (Figures 1 and 2 ) between the two perylenyl fragments of (�)-2
. [44] It is in the light of this observation that we report on the synthesis, X-ray analysis, and photophysical properties of a series of 1,1'-biperylene-2,2'-diol derivatives, in which the torsion angle between the two perylenyl units is modulated by introducing either bridging cycloethers or sterically hindered TIPS substituents ( Figure 2 ). As expected, the molecules featuring the biperylene derivatives are taken from the literature. [7] smallest angles displayed the strongest emissive properties.
Results and Discussion
The synthetic conditions adopted for the preparation of 2,2'-functionalized biperylenediol derivatives 2 Acy and 3
Cyc are gathered in prepared following a previously reported protocol (Scheme S1). [7] Treatment of biperylenediol (�)-2 2H with TIPSCl in the presence of imidazole and DMAP in DMF [45] H-NMR analysis of both samples showed highly symmetric spectra (Figures 3,a and 3,b) , with the biperylenyl moieties being chemically equiv-alent and the appearance of the typical doublet pattern of the diastereotopic methylene protons (see also below). Whereas molecule (�)-3 c is highly soluble, meso-3 c proved to be poorly soluble in most of the common organic solvents, which limited its spectro-scopic characterization. Only X-ray analysis allowed decisive discrimination between the two diaster-eoisomers giving unambiguous confirmation of their H-NMR spectrum at r.t. shows the peaks of the aromatic H-atoms located between 7.1 and 8.6 ppm and two doublets between 5.4 and 5.6 ppm that can be assigned to the diastereotopic methylene protons of the tetrakis(methylenyl) linkages (Figure 3,b for the flipping could be estimated to be ca. 11.5 kcal mol 1 using Eyring's equation [47] (Section S5).
All these observations suggested that the U and F conformers are in the slow exchange regime at low temperature and in fast exchange at high temperature. These crystal structures were compared with those of molecules (�)-1
Fur and (�)-2
2H
, previously described by us. [7] Figures 5,c and 5,g display the X-ray structure 6) show a butterfly-like structure for both compounds with their molecular symmetry being reflected in the solid-state arrangement. In both cases, the asymmetric unit contains half of the molecule, and the second half is generated through an inversion center for meso-3 c (space group P-1) and a two-fold rotation for (�)-3 c (space group C2/c).
In the crystal packing of (�)-3 c both enantiomers (R,R) and (S,S) are equally present in an unfolded conformation [47] ( Figure 6 ). 
Fur
, where the dihedral angle between the aryl moieties is drastically reduced by planarity of the furanyl framework. [7] In order to further corroborate the locked angle of the biperylenediols, geometry optimization in gas phase for each derivative has been performed using Gaussian09 [48] including the D01 revision at B3LYP/6-31 + G(d,p) level of theory. Data are gathered in Table 2 . The results show a larger angle value for the molecules bearing bulkier substituents and larger cyclic linkages for 2 Acy and 3 Cyc , respectively in accordance with experimental results. The only exception is (�)-2 2H that presents a smaller experimental dihedral angle of 62°, whereas the calculated value is 79°. This could be rationalized by a less hindered motion of the two perylene units along the 1,1' bond in the gas phase giving a larger value. On the other hand, meso-3 c shows an exper- Measurements in aerated toluene at r.t. are shown in Figure 7 , and the main results are gathered in Table 3 .
As a general trend, the absorption and emission spectra of (�)-2 Acy and (�)-3 Cyc show the characteristic features of biperylenediols, [7] with gradual bathochro-mic shift upon shrinking the dihedral angle between the two perylenyl fragments. Indeed, compound (�)-3 a containing a dioxepin system (θ'' = 62°) exhibits a maximum absorption peak centered at 484 nm, ca. [a] UV/Vis absorption maximum of the lowest-energy band in toluene at r.t. [b] Emission maximum in toluene at r.t. [c] Calculated from the crystal structure. [d] Data taken from reference. [7] [e] Optimized values using Gaussian09 including the D01 revision at B3LYP/6
shows a maximum absorption band at 534 nm, which is strongly shifted toward the red compared to the other derivatives. As expected, the smaller the dihedral angle is, the larger the bathochromic shift is. Low dihedral angles favor a significant π-conjugation, over the entire molecule. All the investigated compounds present good molar absorptivity (ɛ = 60 -70 000 M 1 cm 1 ), with molecule (�)-3 c being the stron-gest absorber (ɛ = 115800 M 1 cm 1 ). Obviously, the stronger absorption intensity is attributed to the presence of a second biperylenediol unit. As expected, the emission spectra slightly varied as a function of the dihedral angle between two adjacent perylenes. 
HTips
), further supporting the idea that these molecules are conformationally rigid with the exception of (�)-2 2Tips .
Conclusions
A novel class of substituted 1,1'-biperylene-2,2'-diols bearing either cyclo-ethers or bulky substituents at the OH termini have been prepared exploiting a facile synthetic route and characterized by means of X-ray analysis, UV-Vis absorption, and emission spectroscopy as well as theoretical calculations. Locking the dihedral angle between the two perylenyl fragments lead to the fine-tuning of the molecular optoelectronic prop-erties resulting in highly emissive bi-PAHs with unitary quantum yields. Moreover, capitalizing on a facile tetra-alkylation reaction, we synthesized a two-folded tetrakis(methylenyl)benzene derivative (�)-3c, which converts between an unfolded (U) and folded (F) conformation. The dynamic equilibrium between the two conformers (U and F), with the dioxecine rings undergoing flipping motions has been confirmed by VT 1 H-NMR experiments. We believe that this work is of significant importance in the discovery of novel highly emissive luminescent compounds for a vast range of applications. For instance, by accessing enantiopure biperylenol frameworks one could engi-neer polarized emitters that could be used for sensing chiral species or inducing supramolecular chirality at the soft matter level.
Experimental Section
General Instruments, materials, and general methods are detailed in the Supporting Information. 5',8,8',11,11'-Hexa-tert-butyl-2'-{[tri(propan-2-yl)  silyl]oxy}[3,3'-biperylen]-2-ol ((�)-2 
Experimental

5,
HTips
) and [ (5,5',8,8',11,11'-Hexa-tert-butyl[3,3'- After cooling down to r.t., the mixture was poured into H2O (10 mL) and extracted with CH2Cl2 (3 × 15 mL). The organic layer was subsequently washed with H2O (2 × 20 mL) and brine (20 mL) and dried over Na2SO4. The solvent was removed in vacuo, and the crude mixture was purified by column chromatography (SiO2, eluents: cyclohexane/toluene 
